Beijing, China. Written informed consents were obtained from all participants and their guardians.
Urine collection
Spot urine samples and 24-hour urine samples were collected twice in weekdays from each participant. Students were carefully instructed before the day of collection and were asked to go to the designated washing rooms for urine collection. A 2-liter jar and a urine collection aid were provided to each participant. The first-morning urine (FMU) was asked to discard and then all spot urine was collected into the jars in the subsequent 24-hour period, until the FMU in the following day. On completion of collection, study staff took two 2-ml aliquots from the FMU as spot urine samples and then mixed with the remaining 24-hour urine as total 24-hour urine samples. After 2-3 weeks, all participants repeated the same procedure. The head teacher in each class and the student accommodation officers would remind the students during the day of urine collection. After the last urine was collected, students were asked to report their missed urine.
Laboratory testing
All the specimens were temporarily stored at −20 °C after collection and then transported back to the laboratory in Beijing to be preserved at −80 °C until analysis. Urinary sodium and potassium concentrations were measured by the ion-selective electrode method, and urinary creatinine was measured using the enzymic method.
Calculation and estimation of 24-hour sodium excretion
The measured 24-hour sodium excretion was calculated as the following equation: 24-hour sodium excretion (mg/day) = 23 × 24-hour urinary sodium concentration (mmol/l) × 24-hour urine volume (l/day).
For the 8 equations, estimations of 24-hour sodium excretion were based on the averaged concentrations of sodium, potassium, and creatinine of the 2 spot urine samples.
Formulas for 24-hour sodium estimation
There are 2 ways to predict 24-hour sodium excretion using spot urine. One is the indirect method that was based on sodium-to-creatinine ratio in spot urine multiplied by predicted 24-hour urinary creatinine (Kawasaki, Tanaka, Mage, and Uechi simple-mean), and the other is the direct method (INTERSALT, Whitton, and Uechi regression). Kawasaki et al. 9 explored the prediction equation firstly by fasting second-morning urine in the 1990s in healthy Japanese, on the assumption that the predicted value of 24-hour urinary creatinine is almost equal to the measured value of 24-hour urinary creatinine, sodium-to-creatinine ratio in the 24-hour urine is proportional to that in spot urine, and 24-hour urinary sodium excretion is also proportional to sodium-to-creatinine ratio multiplied by predicted 24-hour creatinine. Under the same assumption, Tanaka et al. 10 developed another prediction equation using casual spot urine without sex differences; Mage et al. 13 and Huber et al. 14 proposed several formulas to predict 24-hour urinary creatinine for subjects in different age phrase in Western populations; and Cogswell et al. 18 firstly extended these formulas to sodium estimation in adults. Brown et al. 11 established equations based on data from Western populations in INTERSALT (INTERSALT1) by using direct method initially and then revised the formula without using potassium concentration (INTERSALT2). Uechi et al. 16 proposed 2 equations by using both direct methods as the "regression formula" and indirect method as the "simplemean formula" in Japanese. Whitton et al. 15 used the direct method and developed 3 equations by spot urine in 3 time periods, as in the morning, afternoon, and evening, from Singapore population. Our study only collected the FMU; thus, we validated the Whitton equation for the morning urine. Detailed expressions of these equations are presented in Supplementary Tables 1 and 2 .
Statistical analysis
The average of 2 measured 24-hour urinary sodium excretion was used for analysis. At population level, we firstly evaluated the correlation between estimated and measured 24-hour sodium excretion by intraclass correlation coefficients. Then, the mean differences between estimated and measured 24-hour sodium excretions were calculated for each formula. The Bland-Altman plots were also used to illustrate the difference distributions, and Pearson correlation coefficients (r) were calculated between the averages and the differences of estimated and measured 24-hour sodium excretion. At individual level, we analyzed the relative differences [(estimated − measured)/ measured] and absolute differences [absolute of (estimated − measured)]. We further classified the measured sodium excretion into 3 categories, as ≤2,300 mg (6.0 g salt), 2,300-3,200 mg (6.0-8.0 g salt), and >3,200 mg (8.0 g salt), which was very close to the tertile distribution. Then we calculated the fraction of participants classified into a different group on the basis of measured 24-hour sodium excretion by the 8 formulas. A 2-tailed P value < 0.05 was considered statistically significant in data analysis. We performed all the analyses using SPSS, version 20.0. Table 1 summarizes the basic characteristics of all participants. The mean age was 12.1 ± 1.5 years. The median 24-hour urinary sodium excretion was 2,742 mg (equivalent to 6,974 mg salt), ranging from 919 to 7,389 mg. No significant difference in measured 24-hour sodium excretion was found between boys and girls. Table 2 ). The Bland-Altman plots analysis showed that the mean differences between estimated and measured 24-hour sodium excretion for the 8 formulas had great variations (Figure 1 ). For Kawasaki, Mage, and Uechi simple-mean formulas, the differences and the averages between estimated and measured values were positively correlated, with correlation coefficients of 0.155, 0.145, and 0.325, respectively (all Ps < 0 .05). The correlation was negative for equations of Tanaka 
RESULTS

Accuracy at individual level
The proportions of relative differences in 24-hour sodium excretion within ±10% were 8.5% for Kawasaki, 35 (Figure 2 ). The proportions of absolute differences within 393 mg (1 g salt) for the 8 equations were 9.2%, 45.8%, 34.5%, 32.7%, 25.7%, 17.3%, 23.9% ,and 30.6%, respectively, and the proportions of absolute differences beyond 1,573 mg (4 g salt) were 49.3%, 2.5%, 8.1%, 9.2%, 16.2%, 31.3%, 13.7%, and 10.9%, respectively ( Figure 3) .
After dividing the measured and estimated 24-hour sodium excretion into 3 categories, ≤2,300 mg (6.0 g salt), 2,300-3,200 mg (6.0-8.0 g salt), and >3,200 mg (8.0 g salt), the misclassification rates were all >50% except for Tanaka (Table 3) .
All the analyses were repeated with similar results when using estimating 24-hour sodium excretion based on 2 spot urine samples separately (Supplementary Tables 3-5 ; Supplementary Figures 1-4) .
DISCUSSION
In this cross-sectional study of Chinese young adolescents aged 10-15 years, we evaluated the performance of 8 formulas based on spot urine in estimating 24-hour sodium excretion in both population and individual levels. We found that the 8 formulas had different abilities in predicting mean population 24-hour sodium excretion. The Tanaka formula performed best in estimating population mean 24-hour sodium excretion. In contrast, Kawasaki and Whitton formulas significantly overestimated, but INTERSALT1, INTERSALT2, Uechi simple-mean, and Uechi regression equations significantly underestimated 24-hour sodium excretion at the population level. However, all the 8 formulas performed poorly at individual levels.
A meta-analysis 17 in adults found that Kawasaki overestimated salt intake by 2.5 g and Tanaka could offer a viable alternative to estimate mean population salt intake, which was in accord with our results. However, several previous studies in Chinese adults 20, [22] [23] [24] reported that the Kawasaki formula performed better compared to Tanaka and INTERSALT formulas in both general and hypertensive populations. In this study, we found that Kawasaki performed worst among the 8 equations. These formulas were developed in different populations by sodium and creatinine concentrations in spot urine, age, weight, etc. Therefore, subjects who consume different levels of salt in different age groups and living in different areas may have different performance in estimating 24-hour sodium Table 2 . Twenty-four-hour sodium excretion and differences between the predicted and measured 24-hour sodium excretion (mg) excretion. Of note, the Kawasaki formula used the secondmorning urine before breakfast to estimate 24-hour sodium excretion; thus this formula might have a better performance if we estimated by the fasting second-morning urine. The intraclass correlation coefficients for all these 8 formulas ranged from 0.59 to 0.74 in our study, which were better compared with studies in adults (0.17-0.64). 20, 25 The Bland-Altman plots analysis showed that these formulas may overestimate or underestimate sodium excretion at different levels of sodium intake. It indicated these equations may not accurately detect the differences in sodium intake between different populations or the changes in population salt intake over time. However, a prospective study of Australian adults 26 found that these estimation formulas could identify a similar change in 24-hour sodium excretion as measured 24-hour urine after considering age, height, and weight. Therefore, more studies are needed for further exploration.
For relative differences within 10%, our results were higher than previous study conducted in Chinese adults (Tanaka: 35.2% vs. 16.3%; INTERSALT1: 23.6% vs. 11.3%), 22 and for relative difference beyond ±40%, our results were lower than previous study (Tanaka: 12.7% vs. 41.1%; INTERSALT1: 17.6% vs. 22.0%). 22 Similar results were also observed in absolute difference distributions. The better performance of relative difference and absolute difference distributions might be explained by narrow range and comparatively small variation of 24-hour sodium excretion in the current population. Although the Tanaka formula performed well in estimating 24-hour sodium excretion at population level, and even better than adults, more than 50% subjects were misclassified into the wrong group on the basis of measured 24-hour sodium excretion by spot urine equations, suggesting that these equations might not be suitable when evaluating individual 24-hour sodium excretion.
In this study, there were no significant differences in estimating 24-hour sodium excretion whether using the 2 single-spot urine or the average of 2 spot urine. This indicated that it was helpless to improve accuracy of spot urine formulas through multiple spot urine collections. Besides, boys had similar sodium excretion with girls in the measured 24-hour urine. However, for the equations of INTERSALT1, INTERSALT2, Whitton, and Uechi simplemean, the estimations of 24-hour sodium excretion were higher in boys than those in girls. Except for the Uechi simplemean formula, INTERSALT1, INTERSALT2, and Whitton were all established by direct method, raising the question that whether this method was suitable in estimating 24-hour sodium excretion in different sex by spot urine, which needs further exploration.
This study also has several limitations. First, we included boarding students aged 10-15 years in 1 school, who shared similar dietary pattern and lifestyle. Therefore, generalization of the results should be with caution. Second, we only collected the FMU to estimate 24-hour sodium excretion, but studies have shown that the FMU has lower sodium and potassium concentrations, and similar creatinine concentration compared with urine samples collected during other times of the day. 27, 28 Therefore, our results should be limited to the FMU for 24-hour sodium estimation. Third, we did not exclude subjects with 24-hour urinary volume <300 ml or 24-hour urinary creatinine <0.1 mmol/kg of weight 29 as adopted by other studies. 2,4,30 John et al. 31 once conducted a systematic review and concluded that currently there was no reliable method that can assess the completeness of 24-hour urine collection. Similar results were observed in this study after excluding children with 24-hour urine <300 ml or 24-hour urinary creatinine <0.1 mmol/kg of weight (data not presented). Fourth, we did not collect information on physical activity; thus, we could not assess the accuracy of equations developed by Okuda et al. 3 for adolescents.
Evaluating salt intake and monitoring the changes in salt intake in youths are important because most of children and adolescents consume higher salt than the recommended worldwide. Our study firstly evaluated the accuracy of 8 formulas using spot urine to estimate 24-hour sodium excretion in young adolescents. The results indicate that the Tanaka formula could offer a plausible alternative of population mean 24-hour sodium excretion. However, our results do not support the use of these 8 methods at individual level. More studies are needed to find the accuracy of spot urine formulas in children and adolescents by spot urine in different times of day in different populations. More studies are needed to explore the accuracy of formulas in estimating 24-hour sodium excretion by spot urine in different times of day. More studies are needed in children and adolescents to explore the influence of collection time of spot urine and the accuracy of spot urine formulas in different populations. and United Nations Children's Fund (UNICEF nutrition 2017 1.2.3.6). We thank Mr Changhe Zhou, Mrs Chune Guo, Mr Tieshi Guo, Mrs Dengcui Chen, and Mrs Jinyuan Guo from Siping Primary Middle School for data collection. We also thank all the students recruited in this study for their participation.
